Accident reconstruction involving consumer products and industrial equipment often requires biomechanical and/or human factors analyses to help determine the root cause of an accident scenario. A systematic method has been established which incorporates numerous components of the sciences of biomechanics and human factors and uses the scientific method as the framework for evaluating competing theories. Using this method, available data are gathered pertaining to the accident or incident and organized in a modified Haddon matrix, with categories for Man [person(s) involved in the accident], Product/Machine, and Environment. Information about the person(s) is separated further into injury and human factors components. The injuries are viewed as physical evidence, where each injury occurred as a result of being exposed to a specific combination of energy, force, motion/deflection, acceleration, etc. The injuries are evaluated with known injury research and categorized with a specific type, location, mechanism, and injury threshold. This injury evidence is then reconciled with the other physical evidence developed from the accident environment and product/machine categories. Human factors evaluations of body size, posture, capabilities, sensory perception, reaction time, and movements create similar information that is also reconciled with the rest of the evidence from an accidental circumstance. At the core of this method is developing scientific data or information that can be used to support or refute accident reconstruction conclusions. An accurate and complete accident reconstruction using the available data must be consistent with the laws of physics, and the physics of interaction between the man, product/machine, and environment.
INTRODUCTION
Biomechanical analyses have long played a role in vehicle accident investigation [1] , typically performing injury analysis and the determination of occupant kinematics and impact forces to the body [2, 3] . Metzler [4] discussed the use of a motion capture technique as a tool for use in injury accident reconstruction. Engin [5] and Wojcik [6] both discuss several non-automotive applications of forensic biomechanical analysis. Of these, only Nahum and Gomez [2] discuss a process for conducting a biomechanical analysis of accidental injury. Focused on the automotive environment, the process highlights the need for the occupant and vehicle evidence to be consistent with each other.
Generally, the application of the scientific method in forensic science has been discussed by Noon [7] , and forensic engineering texts discuss various systematic techniques for accident investigation and reconstruction [8, 9] . While it has been noted that risk assessment techniques, accident causation models, and individual injury mechanism assessment models are individually well described in the literature, methods for evaluating injury mechanisms and severity have not been well correlated with models for understanding how an accident may have been caused [10] .
In the current work, the scientific method is adapted to accident reconstruction from a biomechanical and human factors perspective, incorporating by reference various aspects of accident investigation and engineering analyses for the purpose of testing or analyzing hypotheses. A framework is also given for organizing the accident reconstruction data, and specifically for developing data related to injuries and human factors. It is not the purpose of this paper to discuss the various accident investigation, failure analysis, or risk assessment techniques in detail, although many of those techniques are useful in a thorough accident reconstruction process. Rather, the paper seeks to emphasize the large number of potential sources of physical evidence (data) that can play a deterministic role in an accident reconstruction. Although most investigations will only include a subset of this data, it is important initially to consider these potential sources. It is the interplay between the biomechanical and human factors limitations with the physical characteristics of the machine/product and environment of an accident that will bound the possible scenarios, provide limits to rule out alternatives, and ultimately lead to conclusions regarding what has actually occurred.
SCIENTIFIC METHOD APPLIED TO ACCIDENT RECONSTRUCTION
Determining what happened in an accident to a reasonable degree of certainty is driven by a process of accident reconstruction that utilizes biomechanics, injury analysis, and human factors as critical analysis components. The process utilizes the scientific method as a framework for testing compatibility or consistency of different aspects of data or information that has been gathered about an accident (Fig. 1) . Preliminary information provides context for understanding the general circumstances surrounding the accident and guides the overall direction of scientific inquiry. From this information, hypotheses can be generated about specific occurrences or a sequence of events. Usually, these hypotheses are posed as "testable" statements (formulated as either a null hypothesis or in the affirmative) or questions, where the answer meaningfully directs the analysis toward conclusion. Many times, answers are most useful when they are exclusionary, in that a specific event or sequence can be ruled out. The most important step is 'testing' the hypotheses. In this step, a protocol or technique is devised that will identify and gather the appropriate data to analyze to either support or refute the testable statements, or answer the questions. In investigating accidents that have already occurred, these tests may be physical experiments and/or demonstrations of scientific principles, but routinely they are not. This is particularly true in human injury analysis where physical experiments can be problematic or impractical. Instead, analyzing research literature (often regarding previously published physical experiments) and other sources of information is the most common way to test these hypotheses. The data and information developed in this phase comes from many sources, including:
• Reasonable care should be used with witness data. In situations where the witness's version of events is in conflict with the laws of physics or the verifiable physical evidence, those aspects of the testimony must be rejected.
This accident reconstruction process can be iterative, in that new or different directions can result from the testing of preliminary hypotheses. Ultimately, accident reconstruction conclusions are drawn from the analysis results.
DATA ORGANIZATION
In utilizing the scientific method, a multitude of data from various sources is obtained in order to test the working hypotheses. To ensure it is useful and complete, this data must be organized and considered in a systematic way. Haddon [11] described a framework of categorizing data from road travel accidents. One axis separates the factors involved into categories titled 'man', 'machine', and 'environment', and the other axis further delineates the information into phases titled 'pre-crash, 'crash, and 'post-crash'. However, the current method organizes
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data using a modified version of this matrix, where the 'man'-related data is further separated into injury data and human factors data, and both are potentially modified by medical factors (Fig. 2) . Data are separated into the temporal categories Before, During, and After the accident, if deemed appropriate for the specific accident reconstruction. The categories provided in the columns of Figure 2 are discussed further below.
Injury As Physical Evidence
The focal point of this method is using the 'man'-related data, and in particular the injuries, as physical evidence that must be reconciled in order to have an accurate accident reconstruction. The injuries (and other human interactions) in the accident are used as a signature of the where, how, and when the person was placed within the accident sequence. The biomechanical physical evidence can be just as essential as the other physical evidence gathered relating to the product/machine and accident environment (Fig. 2, Col. 1 ).
To apply this method, the injuries are described by type, location, appearance, and severity from a review of the medical records (which may include review of X-rays, CTs, and MRIs), photographs, witness statements, medical examiner reports, and other similar sources. Second, the injury mechanism for each injury is determined. Injury mechanism information is often ascertained through comparison with specific data documented in the injury research literature. The mechanism provides information about the nature of energy transferred to the body (e.g. mechanical, thermal, electrical) and describes the specific method and means required to create the injury. For example, a spiral fracture of a long bone requires a torsional force component applied about the long axis of the bone. For a mechanically mediated injury, describing the body movements and the forces on and within the body that create the injury allows for an understanding of necessary physical interaction of the human body with the environment. Finally, determining the injury threshold or human tolerance for a particular type of injury can be important in accident analyses, since it provides context to the severity of the incident and the magnitude of force, acceleration, deflection etc. that typically produces injury. For many injury mechanisms, normal biomechanical tolerance has been established in the injury research literature, and provides a comparison to the specific injury or event being analyzed. In many cases, comparison of the accident exposure characteristics is made with biomechanical data from activities of daily living or voluntary human exposure research (see Medical Factors section below in situations where relevant pre-existing conditions/injuries exist).
In accidents where multiple injuries have been received, their pattern and distribution create a 'constellation of injuries' that can provide a unique insight to the accident. The steps are repeated for each injury, and those with similar mechanisms or locations are matched. Even what are typically considered minor or superficial injuries can provide important evidence to properly place a person in the reconstruction of an accident scenario.
Human Factors
Human factors data can be another critical component in the accident reconstruction. Human Factors is a discipline that evaluates how people interact with their environment and encompasses physical and psychological aspects of human performance, capabilities, characteristics, and interfacing with tools, machines, and the environment. From an accident FIGURE 2 ORGANIZATION AND FLOW OF DATA reconstruction perspective, this application is typically focused on the events leading up to and during the accident sequence in order to evaluate what and how it happened, and in some cases why (Fig. 2, Col. 2). Where appropriate, an individual's anthropometry should be identified. One's height, weight, and segment lengths are all aspects of physical evidence that are relevant for addressing a person's position, posture, and fit within the accident environment. Anthropometric and human factors data are available that describe a wide range of human measurements and provide context for accident specific evaluations.
Surrogate studies are an additional means by which human factors considerations can be addressed. A surrogate study generally utilizes a substitute person (to that involved in the accident) and either the subject product/environment, or an exemplar thereof, in order analyze some component(s) of how that person interacted with the product or environment. The surrogate is typically chosen to be substantially similar to the injured person in the relevant aspects for which the analysis is being conducted; they do not have to be identical to provide useful data. The relevant aspects could be a number of different factors such as height, weight, age, gender, etc. For example, a surrogate study can create data to help answer the question of whether or not a person could physically reach an operating control during the accident sequence., that scenario needs to be ruled out.
Human strength and movement data will help address the capacity of a person to act within the accident sequence. Additionally, documenting the sensory information they were exposed to (if necessary), and comparing it with the known human factors data is particularly relevant in situations where a person's perception of an event and subsequent reaction to it are being analyzed for accident causation. Human factors data typically cover a wide range of anthropometry and performance. This data can provide limits and/or constraints to human performance that are useful in determining what happened in the accident.
Medical Factors
Important to note are medical factors that could be potential modifiers of both the injury and human factors aspects (Fig. 2 , Col. 1 & 2). A person's health and/or medical condition may have a direct influence on their ability to resist trauma [12] . The presence of disease or other pre-existing conditions, and the use of alcohol, drugs, or medications can have an impact on a person's physical capabilities as well as their sensory perception and reaction [13] [14] [15] . In these situations, an aspect of the analysis may include a determination of potential exacerbating influences, and whether a particular event is a significant contributor to the existing condition. This determination must follow the same methods described herein.
In these circumstances, the mechanism of injury must still be present (e.g. the appropriate direction of force, acceleration, etc), and comparison of an event with reasonable activities of daily living may be useful.
Medical factor data is ordinarily found in autopsy and toxicology reports and in other health care records, including those that predate the accident.
Product/Machine and Environment
Similarly, data must be gathered about other accident circumstances in order to put the injuries and human factors into context (Fig. 2 , Col. 3 & 4) . Traditional forensic engineering techniques are utilized to collect the data. The geometry and layout of the accident site create physical evidence in the form of constraints, boundaries, and specific conditions (e.g. lighting, slip resistance). When reconstructing outdoor accidents, one should consider the influence of weather. In accidents where products or machinery are involved, a description or knowledge of such things as the size, shape, materials, construction, controls, movement/action directions, speeds, and other characteristics of the equipment is important to understand the potential human interactions. Particular attention is given to documenting the damage, failed components, and/or witness marks that resulted from the accident. This gives key physical evidence about the nature of physical interaction between the man, machine, and environment. A range of failure analysis techniques are available to determine these interactions. In cases involving vehicles, the analysis can include a determination of the vehicle kinematics, as well as an assessment of the principle direction of force (PDOF) and velocity change (delta V) experienced. This information can then be used to determine occupant kinematics. It is not the intent of this paper to describe all the detailed analyses that are conducted on the product/machine or environment, but the data from these components is key to the accident reconstruction.
TEST AND ANALYSIS OF THE DATA
At the root of every accurate and complete accident reconstruction is consistency with the laws of physics and accounting for all the available physical evidence. When analyzing the data gathered and developed from the man, product/machine, and environment, the physics of all interactions between and within these groups must be consistent. This is identified in the bottom row of Figure 2 . By regarding the injuries as physical evidence, they become not just an outcome of the accident, but an additional component (resource) to use in testing accident reconstruction hypotheses. In situations where there are inconsistencies between the available information, one must side with the physical evidence. Where there are apparent inconsistencies in the physical evidence, the data must be reexamined to resolve them. In this sense, the process can be iterative.
By following this method, the accident reconstruction conclusions are founded in science and consistent with the laws of physics. Not all reconstructions will lead to a single answer. The available data that are gathered or developed may not be able to exclude all possibilities but one. This is usually a function of the ability to gather or develop sufficient data for this purpose. These efforts still have tremendous value, since knowing what did not happen can be just as important as knowing what did happen.
CASE EXAMPLES
These case examples show several different ways in which the method and modified matrix are used to come to accident reconstruction conclusions. The method and the modified Haddon matrix are adaptable to a specific investigation. Proper use of these tools is not dependent on developing data in any particular order, so long as the data are properly used in the method. In this regard, accident reconstruction hypotheses do not have to exist prior to generating the data that is used to address them, and this is routine in forensic investigations.
Reference to the method and modified Haddon matrix within the case examples will help to understand the way it was utilized. Steps in the method or specific matrix elements will be highlighted in italics. In general, use of the modified Haddon matrix drives the identification of potential information/data gaps that the investigator should consider, and look to fill, if appropriate. The main question ( fig. 1 ) in all of the following examples is what specifically happened to cause the injury or outcome.
Motocross Accident
This example highlights the influence of the injury analysis on the accident reconstruction, and the development of test data to address hypotheses. Preliminary data (Fig. 1 ) of the product and environment (Fig. 2) indicated an individual was riding a 250cc motocross motorcycle through a rhythm section of an offroad motorcycle track when he overshot a jump, was thrown over the handlebars, and landed essentially upside down on his head (posture, Fig 2) . He was wearing protective gear, including a helmet and neck brace. As a result of the accident, the individual sustained injuries. The injury description (Fig. 2) included a burst fracture of the T5 vertebra with retropulsion of the fracture fragments into the spinal canal. There were additional associated fractures of the spinous and transverse processes of T3-T6, superior facet of T6, and fractures of the right posterior 5 th and 6 th ribs. There were no fractures of the cervical or upper thoracic spine, and no head injuries. It was alleged that the use of the neck brace caused the thoracic fractures because the brace's posterior thoracic strut pressed against the upper thoracic spinal segments and prevented the helmeted head from moving further into flexion during the inverted impact with the ground and therefore increased the axial forces. It was also alleged that no serious injury would have occurred if the brace was not being worn at the time of the accident. Using both of these statements as working hypotheses, scientific data were collected in several areas to test the hypotheses (Fig. 1) .
Analysis of the accident developed further data about the product, environment and actions (Fig. 2) of the person both before and during the accident. Engineering analysis indicated the individual was traveling between 10 and 20 mph at the time he landed awkwardly from a jump. This caused him to travel forward over the handle bars and sustain a headfirst impact as a result of a vertical drop between 3.9 and 9.4 feet at an impact speed between 14.7 and 26.1 mph onto packed dirt. Figure 3 shows the orientation of impact with the ground and the major force vector indicating axial compression of the spine.
Injury mechanism and Injury threshold (Fig. 2 ) data was developed through research literature re: head impacts with PMHS. Unhelmeted and unbraced Post Mortem Human Subjects (PMHS) were dropped vertically in headfirst positions from between 3 and 5 feet [16, 17] . Several vertex impacts resulted in thoracic fractures. None of the PMHS were restrained from forward flexion of the head following impact. Impacts of helmeted PMHS that were not wearing braces between 20 to 28 mph exhibited spinal fractures that were concentrated between T4-T6 [18] . The research authors concluded this was likely the result of hyperkyphosis of the thoracic spine under axial loading.
Further injury mechanism (Fig. 2 ) data was developed through research literature re: motorcycle injuries. Review of the literature indicated that, for motorcycle riders NOT wearing neck braces, thoracic fractures were quite common in motorcycle related accidents with high energy impact with the ground [19] [20] [21] [22] .
Product data concerning the size/shape, function, and damage / witness marks (Fig. 2) was developed by analysis of the subject helmet and brace. External witness marks and damage were consistent with contact to the top of the helmet. Cracks were present at the root of the chin bar. Computed tomography (CT) and 3-dimensional (3D) laser scanning provided non-destructive 3D data that was processed to provide the deformation of the expanded polystyrene (EPS) inner liner of the helmet. Figure 4 shows a contour of the deformation superimposed on the 3D inner EPS surface with the outer shell ghosted for reference. This analysis indicated that the liner was crushed near the vertex of the helmet.
A Surrogate study developed human factors data related to posture and capabilities of the person and product data related to the function of the brace (Fig. 2) . A surrogate donned an exemplar helmet, and photographs and x-rays were taken during (Fig. 2) data.
ATD testing developed injury threshold (Fig. 2) data. An instrumented anthropometric test device (ATD) was used for inverted vertical drops of 3-4 feet onto the vertex. Matched tests were conducted with the helmeted ATD with and without neck braces at two different (large and small) helmet-to-brace gaps (Fig. 5) . The data indicated that vertical drops of this height create impact forces that have the potential to create thoracic spinal fractures regardless of the presence of a brace. The presence of the brace in pure axial impact to the crown of the helmet does not exacerbate or increase injurious forces: For a minimal helmet-brace gap, nearly all the relevant biomechanical measures were reduced with the presence of the brace, including Head Injury Criterion (HIC), linear and rotational head accelerations, upper neck moments and forces, and lower neck moments and forces. For a large helmet-brace gap, impact in the braced condition showed no engagement of the helmet with the brace in the early impact sequence. In this situation the relevant biomechanical measures are essentially the same compared to the unbraced condition.
These data were used to test and analyze the working hypotheses (Fig. 1) . The essence of the testing phase is that hypotheses are supported or ruled out by analyzing the interaction of data developed in the injury, human factors, product/machine, and environment categories for consistency with the other data and with physics. In this case the data did not support working hypotheses. The injury mechanism and injury threshold data, in conjunction with the posture, function and product data, were consistent with each other that the spinal injuries were a result of axial compression and would have occurred well before flexion resulted in any significant interaction between the helmet and the brace in this accident. The injury threshold data indicated that the severity of the accident created spinal forces that far exceeded the injury tolerance, and these injuries would likely have occurred with or without the use of a brace.
Chipper Winch Accident
This example highlights the importance of reconciling the human factors posture and position data (Fig. 2) with the injury mechanism data (Fig. 2) in determining what happened in the accident. The preliminary data (Fig. 1) indicated that a commercial hand-fed mechanical infeed tree chipper with a winch line was being used by a crew to clear trees and brush. Chipper winches became more common in the early 2000's as hand-fed commercial chippers grew more powerful with increased log capacity. This accident involved a worker decapitation incident where an auxiliary rope was pulled into the tree chipper. The work process involved cutting trees and brush, cinching cut limbs and brush into bundles with an auxiliary rope,
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and dragging them up a steep incline by a second rope from the chipper winch. After the bundles of cut limbs and brush were dragged to the wood chipper, the auxiliary rope was supposed to be removed from the bundle before the branches were fed into the chipper. There were no witnesses to the accident, but the nearest co-worker during the accident was approximately 20 feet down the incline. After hearing a scream, the co-worker climbed back up the incline and saw the injured worker lying on the chipper feed tray. The injured worker's head was separated from his body and lying on the feed tray under the torso. One end of the rope that was used to cinch together the bundle of brush was caught in the cutter drum fan blades, became taut, and decapitated the worker. During operation, the cutter drum fan blades move in excess of 100 mph.
This biomechanical accident reconstruction analysis posed the question (Fig. 1): where was the operator located and how were they positioned at the time of the accident. Similarly, was the individual on the machine feed tray or standing on the ground adjacent to the machine? Additional data was collected (Fig. 1) to address these issues. Further injury descriptions (Fig. 2) were obtained. In addition to the decapitation injury, there was a helical laceration around the left arm and abrasions on the posterior left shoulder. Although these other injuries were relatively minor, they identified a key physical interaction between the person and the auxiliary rope. The injury mechanism (Fig. 2) of the decapitation was determined to be cinching of the rope around the neck, while the helical arm laceration was also the result of cinching of the rope to a lesser degree. Data from the machine provided important information concerning the size/shape, controls, and function (Fig. 2) that were used in a surrogate study. The person's anthropometry was considered and various postures and positions (Fig. 2) were iteratively assessed to test/determine (Fig. 1) what was most consistent with the final rest position and the physics of the machine data and injury mechanism (Fig. 2) .
The analysis employed a male surrogate and an exemplar rope as depicted in Fig. 6. Fig. 6A shows the surrogate on his hands and knees with the rope loosely wrapped around his neck and upper torso (a common position for carrying long segments of rope). Based upon the injured worker's anthropometry (Fig.  2) this body position is consistent with being on the feed tray and pushing a bundle of small diameter vine type brush into the feed rollers while the rope is wrapped around the injured worker in a carrying mode. Fig. 6B simulates the rope becoming taut around the injured worker's neck and left upper torso when one end of the rope gets rapidly wrapped around the cutter drum fan blades. After the decapitation event, the rope sheds from the left shoulder and wraps around the left arm of the injured worker as illustrated in Fig. 6C , creating a helical pattern consistent with the laceration. The final resting position was tested/analyzed ( Fig.1 ) with respect to its consistency with the physics of all of the interactions. The final resting position of the injured worker's body is consistent with physical marks left on the body, physics of the left arm being pulled forward, and how the body was found by the co-worker. The injured worker's knees were found in a bent orientation completely on the feed tray, which is consistent with a pre-incident body position of kneeling on the feed tray. No part of the injured worker's head and body entered the feed rollers. The injured worker's body final rest position was inconsistent with a slow steady pull event since the legs were not straight and outstretched and the legs were not behind the feed tray. It was concluded (Fig. 1 ) that the injured worker was kneeling on the feed tray at the time of the accident.
Kinematics of a Fall
An investigation regarding an alleged fall highlights the importance of evaluating whether all pieces of evidence are consistent with established laws of physics. The preliminary data (Fig. 1) included that a railroad worker described being pushed backwards off a train station platform, stepping back to keep himself from falling, tripping on the Near Rail of the track with his foot, and landing on his back and buttocks between the Near Rail and Far Rail of the track (Fig. 7) . This was the working hypothesis, and data were collected (Fig. 1) to support or rule out this sequence of events.
Data were collected primarily in the areas of environment and human factors. For the environment, the geometry and features (Fig. 2) were measured, including distances between the platform, ground, and rail. The posture and actions (Fig. 2) of the individual during the event were obtained from a surveillance video. Still frames of the video were extracted in order to better analyze the relative position of the worker's limbs, torso, and head throughout the incident sequence. Animation techniques overlaying an appropriately sized mannequin on top of the worker's image in each still frame further clarified his body orientation at each point in the sequence. Through this process it was determined that the video had captured the worker initially upright and stepping backwards down from the platform. His torso lowered (leaning forward), his right leg moved backwards over the Near Rail, and his arms moved downward to the Near
FIGURE 6 SURROGATE DECAPITATION ACCIDENT SEQUENCE
Rail. Then both his legs extended toward the Far Rail, and his torso came down on the Near Rail. His final body position was between the Rails with his head/torso closer to his starting point on the platform and his feet farthest away from that starting point.
In this case the worker's version of events was tested/analyzed ( Fig. 1) by developing data in the form of physical evidence of the environment, knowledge of the biomechanics of human motion, and principles of physics.
From a biomechanical perspective, the final rest position of the worker's body does not reflect the known kinematics of a backwards fall, where the unsupported body center of mass (and torso) leads the feet in a relatively straight trajectory. Had he experienced a backwards trip on the almost 10-inch-high Near Rail, his feet would have been placed on or outside the Near Rail with the torso between the Rails and his head further away from the platform. He would not land with the entire body between the Rails with his feet further away from the platform. Figure 8 compares the worker's captured body orientation on the left with the final position of a different (typical) backwards fall on the right.
The video shows that mid-incident, the body's motion changes direction from moving away from the platform to moving towards the platform. This is inconsistent with Newton's First Law of Motion that a body in motion will stay in motion unless acted upon by an external force; for a body to experience a change in direction it must have an outside force acting on it. The scene environment, including the terrain conditions (features), and any weather/wind (Fig. 2) factors, was evaluated, but ultimately this led to ruling out all potential external causes for a change in direction of the worker's body.
The only other potential for his body motion to quickly change directions was through a controlled movement of his own muscles, placing his body in its final orientation. Utilizing video analysis techniques and applying knowledge of biomechanics and laws of physics, an incident sequence was clarified despite contradictory witness descriptions.
Miter Saw Hand Amputation
This example highlights the benefit of using the injuries as physical evidence in an effort to understand how the worker was positioned at the time of his injury and answer specific questions about the operation of the product. The preliminary data (Fig.  1) indicated that a worker was performing remodeling work at a residence using a 10 inch compound miter saw to cut baseboards. The saw was positioned on the floor with the blade oriented in a 45 degree right miter position. He was positioned at the right side of the saw and to the rear of the fence. He was using his left hand to hold the approximately 3 inch tall x 24 inch long x ½ inch thick baseboard against the portion of the fence to the right of the blade. He intended to cut about 3 inches of the board off. Figure 9 shows how the worker stated he was positioned in relation to the saw and how he was holding the board at the time of the accident. The worker further stated that as soon as his right hand brought the blade down into contact with the board, the board jerked and moved his hand into the blade. This was the working hypothesis about how the accident happened. A related question was whether this action was consistent with the injury.
The diagnosed injuries provided important physical evidence for this investigation. The injury description (Fig. 2) stated that the worker sustained amputation of his left hand at an oblique angle through the metacarpals of the index, middle, ring, and small finger. Specifically there were fractures though the metacarpal phalangeal (MCP) joint of the index finger (which was still partially attached through soft tissue on the volar side), the distal neck of the metacarpal of the middle finger and little finger, and the base of the metacarpal of the ring. Closed fractures were noted in the thumb. The wound was noted to be a clear cut, very oblique and consistent with the hand being in a position of metacarpal phalangeal flexion (i.e. fingers flexed at the knuckles). The entire skin of the palm was intact, but approximately 2/3 of the dorsal skin was amputated. The middle finger also exhibited a dorsal laceration over the middle phalanx. The accident reconstruction in this instance focused on how the hand came into contact with the blade and created those specific injuries.
Data was collected about the operation of the tool (function, controls, movements/actions, Fig. 2 ) through testing of an exemplar miter saw with pieces of base molding substantially similar to that involved in the accident. One of the protocol (Fig.  1 ) objectives was to see if the workpiece would feed along the fence or be drawn in by the blade cutting forces. Numerous cuts, including cuts on unrestrained workpieces, indicated the workpiece does not 'feed', slide, or otherwise move along the fence as the blade is cutting into the workpiece. This is primarily because as soon as there is a blade kerf in the wood, the blade is
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in the path of the wood and the work piece is restrained from moving further along the fence. The fence is also a barrier to workpiece movement. Test/Analysis (Fig. 1 ) of this data with the statements of the worker indicated an inconsistency. The statement that his hand was outside the delineated hazard area and was pulled into the hazard area and into contact with the blade by the action of the blade was inconsistent with the physics of the tool operation. Data related to the injury was also used to test/analyze the worker's statements. The key features of the worker's injury include that it was a deep cut that amputated 4 fingers (digits 2-5), and it was a clean oblique angled cut through the metacarpal bones and MCP joints. This action would cause his hand to approach the blade essentially from the side, with limited exposure to cutting surfaces (i.e. blade teeth). There is limited exposure to cutting surfaces due to the fact that the cutting portion of the blade is on the outer perimeter, and the fact that the guard is covering a majority of the blade above the workpiece. Contact of the hand or fingers with the side of the blade, including the side of the blade teeth, results in cuts or abrasions, but do not result in deep full thickness hand amputations. The angle of approach of the hand to the blade, as well as the range of possible hand positions, preclude the plausibility of his amputation from a side approach. The hypothesis that the worker's hand was pulled into the blade from a position outside the delineated hazard area was tested and ruled out because this hypothesis was inconsistent with physics and scientific principles associated with saw mechanics and the injury pattern.
The required injury mechanism (Fig. 2) is such that the portion of the hand at and proximal to the MCP joints must be in the path of the blade for the depth of the cut, i.e. where the blade can be lowered onto and through the hand (Fig. 10) . The clean nature of the cut is also consistent with the hand being generally supported for a majority of the cut, as well. This support likely came from the workpiece itself and saw structure. It was concluded (Fig. 1) that the left hand was in an angled palm down orientation with the fingers in metacarpal phalangeal flexion.
With the blade rotated to a 45 degree right miter position the oblique nature of the cut is consistent with the workpiece being held between the index finger and thumb. With a portion of his hand on top of the base molding (as this injury/hand position requires), the overall height of his hand above the saw base generally would preclude just lowering the cutting head down onto the hand. This is due to the guard covering the blade in this position. This was confirmed through a physical attempt to lower the cutting head onto the hand. However, manually raising the guard with the right hand before powering the saw on, which perhaps was done to get a better sightline to the blade, exposes the blade to the hand, and this would allow a cut to be made that is consistent with the physical evidence of the injury and the saw geometry. The data indicate that the injury was created when the cutting head was lowered down onto and through his left hand in the position described previously.
Leg Press Machine
This example highlights the use of injury mechanism and threshold data, along with anthropometric and perception/reaction human factors data to assist in the accident reconstruction. Preliminary data (Fig. 1) indicated that an injury occurred to an individual who stated he was attempting to exit a leg press machine. After exercising with 1,000 pounds of weight loaded on the machine, he locked the press plate in place with the carriage. He placed his left foot on the ground outside the machine. With his right foot still on the press plate, he placed his hand on top of the plate to assist with his exit. As he pulled up with his hand, the press plate released unexpectedly from the carriage and came down crushing him and causing injury to his right leg. The working hypothesis was that the injury occurred in the manner stated by the injured person.
Medical records were reviewed to obtain an injury description (Fig. 2) . The records indicate that this person sustained a right quadriceps tendon rupture. The injury mechanism (Fig. 2) identified for rupture of the knee extensor complex is tensile forces beyond the ultimate tensile strength of the tendon tissue [23] . Tensile forces on the knee extensor complex are primarily due to active contraction of the quadriceps muscle, and tensile forces large enough to cause failure of the knee extensor complex occur primarily during eccentric loading at high flexion angles [24] (Fig. 11) . Additional data concerning the machine was obtained through inspection. In this way, information about the size/shape, function, and movements ( Fig.  2 ) was collected to assist the analysis. In order to fail the knee extensor complex during downward motion in this squat-type exercise, the complex will need to generate a tensile reaction force sufficient to slow or stop the motion of the dropping weight. This was not the type of movement the injured individual described.
Further human factors (Fig. 2 ) data was developed. Individuals of varying sizes were tested on an exemplar leg-press machine. Analysis of the position and fit of the volunteers within the machine showed that individuals who were similar in size or larger than the injured person were not crushed by the leg press plate when the carriage was released. The design of the frame is such that the press plate stops with adequate room for the individuals to exit the machine (Fig. 2, Col. 2).
Tests were also conducted on the exemplar machine to determine the time for the press plate to fall unabated from the locked position after the carriage was released, (machine function, Fig. 2 ). It was determined that there was not enough time or distance available for an individual to perceive and react to a falling press plate and fully activate the quadriceps to produce enough tensile force to cause injury (human factors perception/reaction Fig. 2) . Testing the hypothesis with the collected data led to the conclusion (Fig.1) that the individual's version of events was inconsistent with Newton's laws of motion, and this scenario was ruled out. The available data led to the further conclusion that the injured person was likely performing one legged leg-presses at the time and was simply trying to lift too much weight when the injury occurred.
CONCLUSION
Following the scientific method in biomechanical and human factors analyses is critical to achieving accurate accident reconstruction conclusions. This is achieved when the data developed in the process is consistent with the physical evidence and follows known scientific laws. In circumstances where the available data does not lead to a single accident reconstruction, conclusions that rule out certain occurrences or sequences may be as nearly as useful. Caution should be used to generalize the results presented in these case studies to the entire population because any similar future situation must be analyzed on a caseby-case basis.
